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INTRODUCTION 
WHOLE MILK is recognized to be very satisfactory as the 
principal source of nutrients for young growing calves. But 
the price of milk and its importance as food for human beings has 
tended to introduce the use of substitutes. 
Skim milk has been demonstrated to be a satisfactory substitute 
when fed with grain after the first few weeks of feeding; but since 
skim milk, too, has become of increased usefulness for human 
nutrition, this experiment, one of a series, was designed to de-
termine whether or not combinations of various grains, when 
fortified with vitamins, could be substituted for the solids of 
skim milk. 
REVIEW OF LITERATURE 
The use of groups of calves for a feeding experiment with one 
group serving as a control has long been a common practice, as 
is evidenced by the work of the following: Bender and Bartlett 
(1), Berry (3) (4), Eckles and Gullickson (7), Elting and LaMaster 
(9), Hathaway, Trimberger, and Davis (13), Jones, Brandt, and 
Wilson (14), Knott, Hodgson , and Ellington (15), Krauss and Mon-
roe (16), Krauss, Monroe, and Hayden (17), Lindsey and Archibald 
(19) (20), Maynard and Norris (21), Mead, Regan, and Bartlett (22), 
Rupel (27), Savage and Crawford (28), Savage and McCay (29), 
Trimberger and Davis (32), and Williams and Bechdel (33). 
Savage and Crawford (28) studying how much non-fat dry milk 
solids was needed in calf starters to obtain normal growth con-
cluded that 22 per cent was sufficient and that less might be used 
if there was an ample supply of protein in the ration. After 16 
weeks non-fat dry milk solids were not needed in the grain 
mixture. 
• Now at Cornell Univer sity 
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There is general agreement that calves do not require a liquid 
feed after 50 to 60 days, but if weaning took place earlier, the 
calves had to be coaxed to eat dry feed. Bartlett (1) weaned calves 
at 30 days but reported retarded growth for from 10 to 30 days 
thereafter. Bender and Per ry (2) weaned calves from milk at 30 
days and recommended that procedure. Krauss, Monroe, and 
Hayden (17) reported that weaning at 30 days produced rough, 
harsh coats on the calves and that they were retarding growth 
for a period. By 6 months the calves fed calf starters had become 
normal and showed gains ranging from 1.42 to 1.50 lbs. per day. 
Other calves weaned at 44 days showed the same average daily 
gains. Knott, Hodgson, and Ellington (15) reported an average 
daily gain to six months of 1.42 lbs. when calves were weaned at 
42 days. Williams and Bechdel (33) fed calf starter and hay ex-
clusively after 4 to 6 weeks of age. Jones, Brandt, and Wilson 
(14) stated that weaning could take place at 30 days but 6 to 9 
weeks was recommended. Berry (3) (4) obtained unsatisfactory 
results from 30-day weaning when the calves nursed the cow, but 
reported 60 days as satisfactory. Lindsey and Archibald (20) re-
ported that unsatisfactory results were obtained by weaning at 
5 weeks. Reports of satisfactory results in calf feeding by wean-
ing from milk at 50 to 60 days were made by Fraser and Brand 
(12), Crawford and Krauss (5) , Eckles and Gullickson (7), Elting 
and LaMaster (9), Hathaway, Trimberger, and Davis (13) , Morri-
son and Rupel (24), Ragsdale and Turner (26), and Trimberger and 
Davis (32) . · 
Soy bean products were used as one of the principal sources of 
protein in a feeding trial at this station by Trimberger and Davis 
(32) in which results were obtained with calves that had 3 weeks 
of whole milk feeding followed by 50 pounds of skim milk plus 
dry calf starters. It was necessary to switch the calves to a more 
desirable ration containing some milk to prevent their death. 
Shoptaw (30) started calves at 25 days of age on a substitute milk 
prepared from soy bean flour and obtained a very low rate of gain. 
The use of distillers' by-products for swine was reported in ex-
tensive investigations by Fairbanks, Krider, and Carroll (11) and 
Krider, Fairbanks, and Carroll (18). Using a basal ration, various 
quantities of distillers' by-products were added and a total of 18 
litters of pigs were creep-fed. Up to weaning no significant dif-
ferences were noted, and their final conclusions were that since 
the vitamin A and D content of the rations was about the same 
(fortified cod liver oil was added to the basal ration), the beneficial 
results were due to the storage of certain water soluble factors 
for future use. 
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In comparing calf rations for producing gains over a long 
growth period, consideration should be given to the ability of the 
growing calf to recover from a condition of retarded growth when 
more favorable rations are provided. Eckles and Swett (8), Mead, 
Regan, and Bartlett (22) have furnished conclusive proof that an 
animal may be temporarily stunted, but with more favorable con-
ditions recover and reach the normal for the breed. This may be 
accomplished either by a more rapid growth rate, by prolonging 
the growing period, or by combinations of the two. The time 
required to reach normal varies with the degree of retardation 
and the feed supplied to make up the deficiency. In this regard, 
body weight can be made up rather easily, but skeletal retarda-
tion cannot always be corrected. Other workers who have re-
ported on this point are Berry (3), Eckles and Gullickson (7), Elting 
and LaMaster (9), Fraser and Brand (12), Krauss and Monroe (16), 
Krauss, Monroe, and Hayden (17), and Trimberger and Davis (32). 
Comparison with a normal standard of growth is very useful in 
any experiment measuring growth. Savage and McCay (29) re-
ported a standard weight chart from birth to 16 weeks for 30 
Holstein calves fed dry calf starter as follows: 
A g e 
Birth 
1 week . 
2 weeks 
3 weeks 
4 weeks . 
5 weeks . 
6 weeks 
7 weeks 
8 weeks 
9 weeks 
10 weeks 
11 weeks 
12 weeks 
13 weeks ... .. ..... ... . 
14 weeks 
15 weeks 
16 weeks 
Weight in Pounds 
95.5 
95.3 
99.6 
104.9 
113.5 
121.2 
131.0 
141.7 
152.7 
164.2 
177.5 
189.9 
203.0 
216.1 
230.1 
244.3 
258.3 
Average daily gain, birth through 16 weeks, is 1.45 pounds. 
Savage and Crawford (28) in another experiment reported an 
average daily gain per calf of 1.56 lbs. for the first 6 months of age. 
Eckles and Swett (8), Eckles (6), Espe, Cannon, and Hansen (10), 
Ragsdale (25), and Elting and LaMaster (9) have compiled data 
on normal growth in weight and in height at withers (a measure 
of skeletal growth) and their figures are presented in Table 1. 
These standards were determined from average feeding conditions. 
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EXPERIMENT AL PROCEDURE 
Experimental Animals. The grade, Holstein, heifer calves used 
in this experiment were selected on May 15, 1944, from a large 
group offered for sale at Monroe, Wisconsin. The bases of selec-
tion were: good dairy type; uniformity; vigor; good bone develop-
ment; depth of body; freedom from disease; and an estimated age 
range between two and three weeks. Seventy-four head were 
selected and were transported to Lincoln, Nebraska, in a double-
deck, covered truck. During the 24-hour transportation period, 
the calves did not receive any food. During the 4 days subsequent 
to arrival, the calves were fed twice daily-half skim milk and 
half whole milk-at the rate of 3 lbs. per feed for the first day, 
and 3.5 lbs. on the second day. The milk was changed to three-
quarters skim milk and one-quarter whole milk for the next 2 
days, during which the allowance was 4 and 4.5 pounds per feed 
on the successive days. The animals were then weighed and the 
heaviest and the lightest animals were eliminated. As a result, 
the 56 animals chosen to start the experiment had a smaller range 
than that of previous groups and were somewhat more uniform. 
The 56 calves were divided into 6 experimental groups according 
to weight, height at withers, heart girth, diagonal length, and 
general condition. This provided for 2 groups of 10 and 4 groups 
of 9 animals each. 
Housing and Management. The tile and stucco barn with the 
loft above was the same as that used in previous experiments. 
Ventilation was furnished by two exhaust fans and windows were 
tilted in when additional ventilation was needed. Outdoor exer-
cise lots of concrete were available for exercise on the days when 
weather was suitable. 
At the end of each 7-day period each calf was weighed individ-
ually and measurements were taken for the height at withers and 
TABLE 1.-Standard weights and heights at withers for Holstein calves 
from birth to 6 months of age. 
Body W eights I Heig ht at Withers 
A ge I Eckles & I . Eckles & Swett ; E spe \ Ragsdale \ Eltmg & S wett; \ Espe IRagsdalE 
Eckles et al L aMaster Eckles et a l 
lbs. lbs. lbs. lbs. cm. cm. cm. 
Birth 90 89 90 94 71.8 73.9 
1 month 121 98 112 117 76.8 74.5 77 .7 
2 months 157 132 148 155 82.0 78.9 82.0 
3 months 200 182 193 201 86.8 85.3 87.1 
4 months 249 237 243 252 92.0 91.1 92.0 
5 months 302 294 297 308 96.5 94.0 95.8 
\\ months 349 358 355 366 100.9 100.7 100.8 
Total gain 259 269 265 272 29.1 26.9 
Average daily gain 1.42 1.48 1.46 1.49 .16 .15 
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diagonal length from the point of the shoulder to the point of the 
pin bones by the use of metal calipers calibrated in centimeters. 
The heart girth was taken at the sixth rib with a cloth tape cali-
brated in centimeters. 
Feeding. The experimental feeding period started on May 19 
and at that time it was estimated the calves would average ap-
proximately three weeks of age. The feeding plan was designed 
to provide each calf in each group with a total of 50 lbs. of skim 
milk during the first 10 days of the experiment. Each group was 
fed a dry calf starter consisting of a basal mixture to which was 
added one or more protein supplements in quantities such that 
each ration was balanced to the same percentage of digestible 
protein. The basal mixture consisted of 150 lbs. ground yellow 
corn (grade 3), 150 lbs. of ground oats (grade 3), 100 lbs. of wheat 
bran (standard), and 100 lbs. of soy bean meal (expeller process), 
12 lbs. of steamed bone meal and 6 lbs. of iodized salt. The experi-
mental calf starters were fed to the calves through the week 
ending September 1 or a total of 15 weeks. After that time, the 
experimental calf starters were discontinued and the basal mix-
ture was the only grain feed. The composition of the experi-
mental calf starters for the several groups is shown in Table 2 
with the analysis based on average figures obtained from "Feeds 
and Feeding," 20th Edition, by Morrison. The planned quantity 
of milk and of the several protein supplements (fed in the milk or 
in water) to be given each calf is shown in Table 3. Previous ex-
perience had indicated the necessity of encouraging the early con-
sumption of the maximum quantities of grain and hay if the calves 
were to be denied liquid feeding at an early age. As the skim 
milk allowances were decreased, the protein supplement was 
increased accordingly. 
The supplement for each group consisted of the same protein 
feed or feeds as was used in the calf starter for that particular 
group. Group 5, the control group, and Group 6 were fed 26.5 
lbs. of non-fat dry milk solids in the 30-day period. Group 1 re-
ceived 25.3 lbs. of soybean meal; Group 2 received ¼ of the pro-
tein in non-fat dry milk solids (6.6 lbs.) and ¾ in soybean meal 
(19 lbs.); Group 4 received ½ of the protein in non-fat dry milk 
solids (13.3 lbs.) and ½ in soybean meal (12.6 lbs.). Group 3 re-
ceived 49.5 lbs. of distillers' solubles. Group 6 was fed in the same 
manner as Group 5 for the liquid part of the experimental feeding 
because the distillers' grains insolubles were coarse and com-
pletely insoluble. On every occasion, the attempt was made to 
provide equal quantities of digestible protein as is shown in 
Table 3. Each group was maintained on liquid feeding of the 
TABLE 2.- Grain mixtures.* 
Lbs. Ingredient Digest ible Protein 
G ROUP I - B ASAL MIXTURE P LUS 50 LBS. SOYBEAN MEAL 
10.65 150 
150 
100 
150 
12 
6 
568 
Corn, Yellow (ground) 
Oats (gr ound) 
Bra n (wheat) 
Soy bean M eal (41 % ) 
Bone Meal, st eamed 
Salt, iodized 
14.10 
13.10 
52.20 
90 .05 
15 .85% 
GROUP II- BASAL MIXTU RE PLUS 37.5 LBS. SOYBEAN MEAL PLUS 13.8 
DRY MILK SOLIDS (2 .42%) 
150 
150 
100 
137.5 
13.8 
12 
6 
569.3 
Corn, Yellow (ground) 
Oats (ground) 
B r an (wheat) 
Soy b ean Meal (41 % ) 
N on-Fat Dry Milk S olids 
Bone Meal, steamed 
Salt, iodized 
GROUP III- BASAL MIXTURE PLUS 200 LBS. 
150 Corn, Yellow (ground) 
150 Oats (ground) 
100 B ran (wh eat) 
100 Soy bean Meal (41 % ) 
200 Distillers Solubles 
12 Bone Meal, steamed 
6 Salt, iodized 
718 
10.65 
14.10 
13.10 
47.85 
4.57 
90.27 
15.86% 
DISTILLERS ' SOLUBLES 
10.65 
14.10 
13.10 
34.80 
35.48 
108.13 
15.06% 
T otal 
D igestible 
Nutrients 
120.90 
107.25 
70.20 
120.75 
419.10 
73.78% 
LBS. NON-FAT 
120.90 
107.25 
70.20 
110.69 
11.61 
420.64 
73.89% 
(27.86% ) 
120.90 
107.25 
70 .20 
80.50 
153.80 
532.65 
74.19% 
GRO UP IV- BASAL MIXTURE PLUS 25 LBS . SOYBEAN MEAL PLUS 27.6 LBS. NON-FAT 
150 
150 
100 
125 
DRY MILK S OLIDS (4.84% ) 
Corn, Yellow (ground) 10.65 
14.10 
13.10 
43 .50 
27.6 
12 
6 
570.6 
Oats (ground) 
Bran (wheat) 
S oyb ean Meal (41 % ) 
Non-Fat D ry Milk Solids 
Bone Meal, steamed 
Salt, iodized 
GROUP V - BASAL MIXTURE PLUS 55 LBS. 
150 Corn, Yellow (ground) 
150 Oats (ground) 
100 Bran (wheat) 
100 Soy b ean Meal (41% ) 
55 Non-Fat Dry Milk Solids 
12 Bone Meal, steamed 
6 S a lt, iodized 
573 
9.14 
90.49 
15.86 % 
NON-FAT DRY MILK SOLIDS 
10.65 
14.10 
13.10 
34.80 
18.20 
90.85 
15.86% 
120.90 
107.25 
70.20 
100.62 
23.21 
422.19 
73.99% 
(9.60 % ) 
120.90 
107.25 
70.20 
80.50 
46.25 
425.10 
74.19 % 
GROUP VI- BASAL MIXTURE PLUS 200 LBS. DISTILLERS I NSOLUBLES 
10.65 
(27.86% ) 
150 
150 
100 
100 
200 
12 
6 
718 
Corn, Yellow (ground) 
Oats (ground) 
Bran (wheat) 
Soy b ean Meal (41 % ) 
Distillers Insolubles (25.5 %) 
Bone Meal, steamed 
Salt, iodized 
14.10 
13.10 
34.80 
37.23 
109.88 
15.30 % 
* Average analysis based on FEEDS AND FEEDING by Morrison. 
120.90 
107.25 
70.20 
80.50 
161.53 
540.38 
75.26 % 
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protein supplement for a period of 30 days, or until the calves 
reached an age of approximately 52 days, at which time dry feed 
consumption was adequate to maintain growth. The protein sup-
plements were mixed thoroughly with 3 lbs. of warm water during 
the first 30-day feeding period in order to get the calf to take the 
required quantity of feed. 
The feeding procedure was as follows: the total quantity of 
protein supplement for each calf during the 30-day liquid feeding 
period was weighed into a large covered can marked with the 
calf's experimental number. The daily allowance of the protein 
supplement was weighed from the large supply can into a small 
three-quart can and approximately half of the calf's daily allow-
ance was fed at 6:00 a.m. and the remainder at 5:00 p.m. The calf 
TABLE 3.-Planned quantities of skim milk and protein supplement to be 
allowed each calf daily. 
I Skim milk I Protein Supplement • 
Day 
G roups Group 1 \ Group 4 \ Group 5 1 to 6 
Group 2 Grou p 3 G roup 6 
lbs. lbs. lbs. lbs. lbs. lbs. lbs. 
1 8 
2 8 .2 .2 .4 .2 .2 .2 
3 7 .4 .4 .7 .4 .4 .4 
4 6 .5 .5 .9 .5 .5 .5 
5 5 .7 .7 1.3 .7 .7 .7 
6 4 .9 .8 1.5 .8 .8 .8 
7 4 .9 .8 1.5 .8 .8 .8 
8 3 1.0 ' .9 1.7 .9 .9 .9 
9 3 1.0 .9 1.7 .9 .9 .9 
10 2 1.3 1.3 2.6 1.3 1.4 1.4 
11 1.3 1.3 2 .6 1.3 1.4 1.4 
12 1.3 1.3 2.6 1.3 1.4 1.4 
13 1.3 1.3 2.6 1.3 1.4 1.4 
14 1.3 1.3 2.6 1.3 1.4 1.4 
15 1.3 1.3 2.6 1.3 1.4 1.4 
16 1.2 1.2 2.4 1.3 1.3 1.3 
17 1.2 1.2 2.4 1.3 1.3 1.3 
18 1.1 L2 2.4 1.3 1.3 1.3 
19 1.0 1.1 2.1 1.1 1.1 1.1 
20 1.0 1.1 2.1 1.1 1.1 1.1 
21 1.0 1.1 2.1 1.1 1.1 1.1 
22 .8 .9 1.7 .9 .9 .9 
23 .8 .9 1.7 .9 .9 .9 
24 .8 .9 1.7 .9 .9 .9 
25 .6 .6 1.1 .6 .6 .6 
26 
.6 .6 1.1 .6 .6 .6 
27 
.6 .6 1.1 .6 .6 .6 
28 
.4 .4 .8 .4 .4 .4 29 
.4 .4 .8 .4 .4 .4 
30 .4 .4 .7 .4 .4 .4 
Totals 50 25.3 25.6 49.5 25.9 26.5 26.5 
DIGESTIBLE PROTEIN t 
1.75 8.80 8 .80 8 .78 8.79 8.77 8.77 
TOTAL DIGESTIBLE NUTRIENTS f 
4.30 20 .37 20 .85 38.07 21.33 22.29 22 .29 
• G roup !-soyb ean meal; Group 2-soybean meal 19.0 lbs., non-fat dry milk solids 
6.6 lbs .; Group 3-di.stillers' dried solubles 49.5 lbs .; G roup 4--soybean meal 12.6 lbs., 
non-fat dry milk sohd s 13.3 lbs.; Group 5-non-fat dry milk solids 26.5 lbs.; Group 6-
non-fat d ry milk solids 26 .5 lbs . 
t Computed from average a nalysis, F eed s and Feeding , 20th Edition . 
T ABLE 4. GROUP 1.- Whole milk, skim milk, and protein supplement' consumed by each calf by weeks. 
Calf 2 Calf 3 Calf 4 Calf 5 Calf 6 Calf 7 Calf 8 Calf 9 Total 
'H 
1 · 1 · 1 · 1 · ' 1 · I 1 · 1t~ 
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No. Wks. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. l bs. lbs. lbs. lbs. lbs. lbs. lbs. 
1 4 42 3.6 42 3.6 42 3.6 42 3 .6 42 3.6 42 3.6 42 3.6 42 3.6 336 
2 !i 8 8.5 8 8.5 8 8.5 8 8.5 8 8.5 8 8.5 8 8.5 8 8.5 64 
3 6 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 
4 7 4 .6 12 4 .6 4.6 4.6 4.6 4.6 12 4 .6 48 10 .8 48 34 
5 8 .8 70 .8 .8 .8 .8 .8 70 .8 18 66 18 206 
6 9 84 84 84 252 
7 10 84 84 84 252 
8 11 84 84 84 252 
9 12 44 40 44 40 44 40 132 120 
10 13 84 84 84 252 
11 14 84 84 84 252 
12 15 82 82 84 248 
13 16 36 36 84 156 
14 17 84 84 
15. 18 84 84 
16 19 84 84 
17 20 84 84 
18 21 44 44 
19 22 2 2 
20 23 
21 24 
22 25 
23 26 
Tota ls 50 25.3 380 374 25.3 50 25.3 50 25.3 50 25.3 50 25.3 380 374 25.3 878 368 20.7 1888 1116 
• Soybean Meal (41 per cent protein). 
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starter was stirred into the skim milk at the start and as the skim 
milk was reduced, water at a temperature of 100° F. was added 
in quantities to maintain liquid of not less than 3 lbs. for each 
feeding. · 
During the first 13 weeks of the experiment, the calves were 
tied in individual stalls from 6:00 a.m. until 5:00 p.m. during which 
time they had free access to the grain mixture from individual 
feeding boxes. The actual consumption of grain for each indi-
vidual was determined at weekly intervals by subtracting the 
"weigh back" or unconsumed portion of the grain from the 
weighed portion placed in the boxes. The calves were allowed 
all the grain they would consume daily up to 5 lbs. during the 
first 13 weeks of the experiment. When that level was reached, 
it was maintained up to the thirteenth week. From the thirteenth 
week on, the level of grain feeding was reduced to a maximum 
of 4 lbs. per head daily and the calves were tied for grain feeding 
from 7 to 9 o'clock in the morning and from 3 to 5 o'clock in the 
afternoon. When calves were not tied, sliding panels were placed 
in the front of the grain boxes to prevent access to the grain. 
U.S. No. 1 grade of alfalfa hay was made available to the calves 
from the start of the experiment, the hay being fed in racks with 
one rack being available for each group. Additional hay was 
weighed into the hay racks and that portion not consumed was 
weighed back at the end of each week. The hay consumption per 
calf was estimated on the basis of the group consumption. At all 
times the calves had access to clean water in galvanized iron pails. 
Vitamins A and D * were supplied by providing each calf with 
10 milliliters daily of a vitamin concentrate in the liquid feed 
through June 18. Beginning on June 16 and through July 28, 
1 % of the vitamin concentrate was added to the experimental 
grain mixture. From July 29 through September 29, .5 % of the 
vitamin concentrate was added to the grain mixture. After Sep-
tember 29 no vitamin concentrate was fed. 
RESULTS 
Feed Consumption. It was necessary to vary the outlined ex-
periment procedure to some extent because one or more calves 
in Groups 1, 2, 3, 4 and 6 required additional milk. Every effort 
was made to follow the original procedure until such time as the 
condition of the calf indicated that a further continuation would 
* The vitamin concentrate was NOPCO XX, distributed by National Oil Products 
Company of Harrison , New Jersey. It was guaranteed to contain 400 U.S.P. XI units 
of vitamin D and 3000 U.S.P. XI units of v itamin A per gram . Methods for the de-
termination of U.S .P. units are given in the S econd Supplement to the "U. S. Pharma-
copoeia," 11 D ecennial Revision. 
TABLE 5. GROUP 2.-Whole milk, skim milk, and protein supplement* consumed by each calf by weeks . 
Calf 10 Calf 11 Calf 12 Calf 13 Calf 14 Calf 15 
'l:l 
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uiE uiE 
E.!.:i 
:Q c.:: 
ui E 
No . Wies . lbs. lbs. lbs. 
1 4 42 3.4 42 
2 5 8 8.3 8 
3 6 8.2 
4 7 4 .9 
5 8 .8 
6 9 
7 10 
8 11 
9 12 
10 13 
11 14 
12 15 
13 16 
14 17 
15 18 
16 19 
17 20 
18 21 
19 22 
20 23 
21 24 
22 25 
23 26 
' Q) 0....., 
0. C 
:J Q) 
ui E 
I 
' Q) 
E.!.:i °'...., 
•M~ o.C 
.!,:l •M :l Q) 
uiE uiE 
I 
' Q) 
E.!.:i 'Z.-
·M ~ o.C 
.!,:i•M :l Q) 
uiE uiE §~ Ii~ 1i~ 1 §~ I ~i ~] ~~ ~] 
lbs. lbs. 
3.4 42 
8.3 8 
8.2 
4.9 
.8 
lbs. lb s. 
3.4 42 
8.3 8 
8.2 
4.9 
.8 
lbs. lbs. lbs. 
3.4 42 
8.3 8 
8.2 
4.9 
.8 
a 14 
2 ~ 
M 
M 
M 
M 
M 
M 
M 
M 
66 
n 
lbs. lbs. 
3.4 42 
8.3 8 
8.2 
4.9 
.8 
' ~ 0....., 
0. C 
:J Q) 
ui E 
lbs. 
3.4 
8.3 
8.2 
4.9 
.8 
Calf 16 Calf 17 Calf 18 Total 
Q) I 'E.!.:i °'...., ..... ~ ~ i:: 
.!:I:: ·""" ;::::s Q) I 1 · 1 · I 1 · 
Q) ~ $ Q) ~ 
E.!4 o.!4 §:~ E.!.:i §:~ E.!.:i o.!4 §:'i: 
~] I ~] ~ E ~] ~ E ~] ~] ~ E uiE uiE 
lbs. lb s. lbs. 
42 3.4 42 
8 8.3 8 
8.2 
4.9 
.8 
44 
84 
84 
82 
36 
lb s. 
12 
70 
84 
84 
84 
40 
lb s. 
3.4 
8.3 
8.2 
4.9 
.8 
lbs. 
42 
8 
lbs. lbs. 
3.4 378 
8.3 72 
8.2 
4.9 
.8 
86 
86 
84 
82 
36 
lbs. 
~ 
ro 
M 
84 
84 
M 
~ 
M 
M 
M 
M 
M 
M 
M 
M 
w 
n 
lbs. 
30.6 
74 .7 
73.8 
44.1 
7.2 
Totals 50 25.6 50 25.6 50 25 .6 50 25.6 94 856 25.6 50 25.6 50 25.6 380 374 25.6 50 25.6 824 1230 230.4 
' Mixture of Soybean Meal (41 per cent protein) 19.0 lbs. or 74.22 p er cent plus Non-Fat Dry Milk Solids 6.6 lbs. or 25.88 per cent. 
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likely result in its death. The decision to vary from the plan was 
made on the basis of loss in weight or failure to gain in weight 
over a period of 2 weeks or more, failure to show an increase in 
various skeletal measurements, the general thriftiness of the calf 
and the manner in which it consumed its feed. Only one calf 
died, Calf No. 1 in Group 1, which died June 19 of bilateral lobar 
purulent pneumonia. This calf was not included in the tabulation 
since it was difficult to determine whether or not its death was 
due to any procedure in the experiment. Other calves developed 
various difficulties and appropriate treatments were given. Sul-
phathiazole and sulphadiazine were successfully used in treating 
other respiratory troubles. 
In Group 1 it was necessary to feed additional whole milk and 
skim milk to 3 of the 8 calves in the group from which tabulations 
were made. The three quantities required are shown in Table 4. 
In the first week of the experiment (see Table 13) there was a 
slight gain, but there was a loss the second week and no gain on 
the third week. A slight gain was noted on the fourth week and 
then practically no gain on the fifth week of the group. These 
responses are illustrated in Table 13. 
This result illustrates the difficulty that was encountered with 
the heavy soybean feeding. Two calves in Group 2 (see Table 5) 
required additional whole and skim milk. After the first week 
this group made regular though small gains during the first 3 
weeks of the experiment as may be seen in Table 13. In Group 3 
(see Table 6) it may be noted that 2 calves were fed additional 
whole and skim milk. Some difficulty was experienced with this 
group in the early stages of the experiment because of the laxative 
action of the distillers' solubles. During the first 5 weeks of the 
experiment (see Table 13) the average weekly gain per calf varied 
considerably, being up one week and down the next. In Group 4 
(see Table 7) it will be noted that only one calf required additional 
milk and this was fed in the form of skim milk. With the excep-
tion of the first week, this group made gains every week of the 
experiment (see Table 13). It would seem as if the influence of the 
non-fat dry milk solids was quite apparent as affecting the gains 
of the experimental calves. Group 5, the control group (see Table 
8), received the planned quantities as outlined in the experiment 
and this group made gains every week of the experiment (see 
Table 13). Group 6 which had the same feeding procedure as 
Group 5 for the first 30 days had one calf which required addi-
tional whole and skim milk as shown in Table 9. This group made 
gains every week of the experiment as shown in Table 13. 
TABLE 6. GROUP 3.-Whole miik, skim miik, and protein suppiement' consumed by each calf by weeks. 
Calf 19 I Calf 20 Calf 21 Calf 22 I Calf 23 Calf 24 Calf 25 Calf 26 Calf 27 T otal ~ I 
I w I I w 1 · 1 · I I 1 · I w 1 · I 1 · I . I 1 · 
0 ~"' Q) ~ Q) ~ Q) Q) ~ Q) Q) ~ 
,>: OQ! E..: 'a.., E..: 'a.., E..: o...., E ..: §:i:: E ..: ~ ~ §:"'i:: E..: 'a.., E..: o...., E..: o..: §:i:: E..: 'a~ E..: o..: §:~ Q) ci QJ.?; 
·-~ o,S::: ·-~ o,S::: JsF;: §' § :g:;:: §'@ :g:::: §'@ i:::: ~5 ;~1 """' ..:·- ::, Q) ..:·- ::, Q) ~'§ ~2 ~'§ ~§ ~t :,g:::: ~;;::: ::s '1; ~'§ ~'§ ~ e r..:i <i:u uiE uiE uiE . uiE uiE uiE uiE ui<:: uiE uiE uiE , ::s:E ui!:: uiE ui f: 
No. Wks. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. ibs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. 
1 4 42 6.3 42 6.3 42 6.3 42 6.3 42 6.3 42 6.3 42 6.3 37.5 5.2 42 6.3 373.5 55.6 
2 5 8 16.4 8 11.2 8 12.5 8 16.4 8 15.1 8 13.8 8 15.1 5.0 9.5 8 16.4 69.0 126.4 
3 6 13.9 8.8 13.9 16.1 11.3 12.2 9.0 11.3 16.1 112.6 
4 7 9.2 9.2 8.3 9.2 32 10 3.4 9.2 7.5 12 8.3 9.2 32.0 22 73.5 
5 8 1.5 1.5 1.5 1.5 22 66 1.5 1.5 70 1.5 1.5 22.0 136 12.0 
6 9 84 84 168 
7 10 84 84 168 
8 11 84 84 168 
9 12 44 40 44.0 40 88.0 80 
10 13 84 84.0 168.0 
11 14 84 84.0 168.0 
12 15 82 82.0 164.0 
13 16 36 36.0 72.0 
14 17 
15 18 
16 19 
17 20 
18 21 
19 22 
20 23 
21 24 
22 25 
23 26 
Totals 50 47.3 50 37.0 50 42.5 50 49.5 434 368 36.1 50 43.0 50 39.4 372.5 374 35.8 50 49.5 1156.5 742 380.1 
• Dried distille rs' grains sol ubles. 
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The average daily grain consumption per calf by weeks of the 
experiment is shown in Table 10. Experience has indicated that 
to obtain good growth and development, it is necessary for the 
calves to consume adequate quantities of grain. Including all 
kinds of grain, the average daily consumption per calf was as 
follows: Group 5, 3.56 lbs.; Group 6, 3.55 lbs.; Group 4, 3.48 lbs.; 
Group 2, 3.23 lbs.; Group 3, 3.20 lbs. and Group 1, 3.05 lbs. It is 
believed to be significant that the calves in Groups 5, 6 and 4 
reached a larger consumption of grain per calf at an earlier stage 
and maintained substantial maximum consumption throughout 
the entire experiment. For Group 2 the grain consumption was 
irregular and there were many weeks when the calves did not 
consume the maximum quantity fed. Groups 1 and 3 were sev-
eral weeks later in reaching maximum grain consumption and 
this probably hindered their growth. 
The daily hay consumption per calf of the various groups is 
listed in the order of the quantities consumed as follows: Group 6, 
4.30 lbs.; Group 5, 4.13 lbs.; Group 3, 4.03 lbs.; Groups 1 and 2, 3.76 
lbs. and Group 4, 3.72 lbs. The weekly consumption of hay per 
calf is shown in Table 11. 
Measurement of Gains. Since satisfactory development of 
young calves must be measured in some manner so as to make 
possible a comparison both with accepted standards and by groups, 
it is believed that the weight, heart girth, diagonal length and 
height at withers furnish as simple and as satisfactory a series 
of comparisons as any for growing animals. It is recognized that 
weight is a measure both for condition and growth, whereas 
height at withers and diagonal length measure growth alone. 
Heart girth is primarily a measurement of growth although it 
may be slightly affected by condition. The initial and final meas-
urements for the several groups are presented in Table 12. 
Weights, The average initial weights for the calves in Groups 
1 to 6 respectively were: 118.6 lbs.; 121.9 lbs.; 121.9 lbs.; 122.2 lbs.; 
122.1 lbs. and 122.0 lbs. The variance in weight in groups was 
caused by the removal of Calf No. 1 which died. The average 
total gain per calf for the several groups respectively from 1 to 6 
were: 205.5 lbs.; 199.1 lbs.; 209.2 lbs.; 204.5 lbs.; 214.0 lbs. and 213.0 
lbs. These average gains were appreciably less than those ob-
tained in previous experiments (13 and 32). The cause for these 
lower gains is not apparent since the initial weights were sub-
stantially the same and the procedures were similar. Group 5, 
the standard, made an average gain of 214.0 lbs. in this experi-
ment as compared with 240.2 lbs. in a previous experiment (32) 
under similar feeding and management conditions. This is an 
TABLE 7. GROUP 4.-Skim milk and protein supplement consumed by each calf by weeks. 
Calf 28 Calf 29 Calf 30 Calf 31 Calf 32 Calf 33 Calf 34 Calf 35 Calf 36 Calf 37 Total 
.... 
.§~ Iif 1 · 1 · 1 · .§~Ii 1 · .§~Ii~ 1 · 1 · 1 · 1 · 0 ""'"' " " " " " ~ " " .,: , 0 S.,: °'" S.,: °'c E o.-• E -a~ E A'"' S.,: 'a c: S.,: o.•J ":> E °''"' "0. oocil ~~ §' ~ ~-;: §' a; .~~ o. ffi ..... := ~ ~ :i3 §' ~ ·~~ 0. ~ :g:;:: §' o; :g:::: §1§ "~ ,!:i::•.-1 :::s ..V .,:·~ ;:l .,:·~ ;:l .,:·~ ;:l ~-.... ::S a; @S &3 E ~ril ..:u (/) E (/) E C/J E C/J E (/) E C/J [: C/JS C/J t' (/JS (/) (/) E (/) E C/JS C/J E (/) E ui E uiS ui E uiS uiE 
No. Wks. lbs. lbs. l bs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. 
i 4 42 3.4 42 3.1 42 3.4 42 3.4 42 3.4 4?, 3.4 42 3.4 42 3.4 42 3.4 42 3.4 420 34.0 
2 5 8 8.3 8 8.3 8 8 .3 8 8.3 8 8.3 8 8.3 8 8.3 8 8.3 8 8.3 8 8.3 80 83.0 
3 6 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 85.0 
4 7 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.8 48.9 
5 8 .8 .8 .8 .8 .8 .8 .8 .8 .8 .8 8.0 
6 9 
7 10 
8 11 
9 12 50 50 
10 13 84 84 ...... 
11 14 84 84 
12 15 82 82 
13 16 36 36 
14 17 
15 18 
16 19 
17 20 
18 21 
19 22 
20 23 
21 24 
22 25 
23 26 
Totals 50 25.9 50 25.9 50 25.9 50 25.9 50 25.9 386 25.9 50 25.9 50 25.9 50 25.9 50 25.8 836 258.9 
• M ixture of soybean meal (41 per cent protein) 12.6 lbs. or 48.65 per cent plus n on-fat dry milk solids 13.3 lbs. or 51.35 p er cent. 
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indication of how much variation may be obtained in groups of 
animals handled under similar conditions and in a similar en-
vironment but in different years. It is interesting to note in 
Table 14 that the average weight per calf at the end of two months 
for the several groups 1 to 6 ranged as follows: 134.1 lbs.; 145.7 lbs.; 
144.6 lbs.; 147.2 lbs.; 158.3 lbs. and 160.8 lbs. By the time the ani-
mals reached six months of age, the average weight per calf in 
the groups were as follows: 324.1 lbs.; 321.0 lbs.; 331.1 lbs.; 326.7 
lbs.; 336.1 lbs. and 335.0 lbs. This is believed to be indicative of 
the manner in which calves can recuperate from unfavorable con-
ditions in the early part of the feeding period once they start to 
eating well. Table 13 is interesting in the fact that it shows the 
average daily gain per calf by weeks during the experiment. 
Groups 5 and 6 showed an average daily gain each week through-
out the experiment. With the exception of the first week, Groups 
2 and 4 showed an average daily gain each week throughout the 
experiment. Group 1 showed little gain or in some cases a loss 
until the fourth week. Group 3 did not show consistent ·gains 
every week until the sixth week. None of the groups showed as 
consistent daily gains as animals in previous experiments, and it 
is believed that the weather-particularly in the last two or three 
weeks-affected some of the animals unfavorably . 
Heart Girth. The average heart girth per calf for the Groups 
1 to 6 were respectively: 84.9; 85.4; 86.1; 85 .6; 85 .6 and 85.6 centi-
meters. The average gain in heart girth per calf for the several 
groups for the 6-month period were in order of groups: 35.6; 34.8; 
34.6; 34.6; 35.8 and 35.4 centimeters. It is quite evident that there 
was no appreciable difference between average calves in the 
group as determined by these measurements in the 6 months 
period. (See Table 12.) It is interesting to note however (Table 
14) that the average heart girth for each calf at 2 months of age 
for the several groups were as follows: 89.4; 93 .0; 91.9; 92.9 ; 92.6; 
94.4 and 96.4 centimeters. Although the difference here is not 
quite so striking as in the case of weight, it will be noted that 
there was a distinct variation from the low group to the high 
group amounting to seven centimeters. This difference was elimi-
nated by the time the animals were 6 months of age. 
Diagonal Length. The average initial diagonal lengths for the 
several groups in the same sequence were as follows : 75.9; 76.9; 
77.5; 76.6; 77.0 and 76.9 centimeters. The total average gain for 
6 months per calf in the same sequence was: 28.4; 27.0; 27.7; 29.0; 
29.8 and 30.3 centimeters. For the 6-month period there was no 
significant difference in the diagonal length between calves in the 
several groups. At 2 months of age the average diagonal lengths 
TABLE 8. GROUP 5.-Skim m i lk and protein supplem ent''' consumed by each calf by weeks. 
Calf 38 Calf 39 Calf 40 Calf 41 Calf 42 Calf 43 Calf 44 Calf 45 Calf 46 Calf 47 
'+-< 
I ~ 1 · 1 · I ~ I ~ I . 1 · I . §~ It~ 1 · 0 ,...,,, " " " " ~ " .'<. 0" E.s: c...., E .s: c...., E .s: c...., E .s: c...., E .s: c...., E.s: c...., E c...., E .s: c...., "> E.s: o...., "0. oncil :g:;::: §'fil ;2:::: §'~ ..... ...-1 0.. fil ..... _ o..ffi :g:;::: §'fil :g:;::: §'fil ;f3 §'~ :g:;::: §'fil :g:;::: §'fil ",: .s: ·~ ;::s ;.: ·~ ;::s ..!t: .... ;sQJ 
~µcl ..:u uiE uiE uiE uiE uiE uiE uiE uiE uiE uiE uiE uiE uiE uiE uiE uiE uiE uiE uiE ui E 
No. W ks. lbs. lbs. lbs. lbs. lbs. lbs. Lbs. lbs. l bs. lbs. lbs. l bs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs . 
1 4 42 3.4 42 3.4 42 3.4 42 3.4 42 3.4 42 3.4 42 3.4 42 3.4 42 3.4 42 3.4 
2 5 8 8.8 8 8.8 8 8.8 8 8.8 8 8 .8 8 8.8 fl 8.8 8 8.8 8 8.8 8 8.8 
3 6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8 .6 8.6 8.6 
4 
' 
4.9 4.9 4 .9 4 .9 4 .9 4 .9 4.9 4 .9 4.9 4 .9 
5 8 .8 .8 .8 .8 .8 .8 .8 .8 .8 .8 
6 9 
7 10 
8 11 
9 12 
10 13 
11 14 
12 15 
13 16 
14 17 
15 18 
16 19 
17 20 
18 21 
19 22 
20 23 
21 24 
22 25 
23 26 
Totals 50 26.5 50 26.5 50 26.5 50 26.5 50 26.5 50 26.5 50 26.5 50 26.5 50 26.5 50 26.5 
" Non-fat dry milk solids. 
T otal 
1 · 
" E .s: c...., 
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lbs. lbs. 
420 34 .0 
80 88.0 
86.0 
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8.0 
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TABLE 9. GROUP 6.-Whole milk, skim milk, and protein supplement consumed by each calf by week s . 
~ 
... . 
"'0. 
"',: 
~ril 
No . 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
""'"' 0
"'> 
""'" 
..:u 
Wks. 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
Totals 
Calf 48 Calf 49 Calf 50 
I 
' 
"' E;,: o..., 
·-- o.S:: ;,:·- ;:l"' UJE UJE 
E;,: 
;,:c.:: 
UJ E 
lbs. lbs. lbs. 
42 3.4 42 
8 8.8 8 
8.6 
4.9 
.8 
50 26.5 50 
I. I I "' o.+> E _.. l~ a] 
lbs. lbs. 
3.4 42 
8.8 8 
8.6 
4.9 
.8 
26.5 50 
' 
"' Q.+' 
0. s:: 
;:,"' UJ E 
lbs. 
3.4 
8.8 
8.6 
4.9 
.8 
26.5 
Calf 51 Calf 52 Calf 53 Calf 54 Calf 55 Calf 56 
E;,: ;,:c.:: 
UJ E 
lbs. 
42 
8 
50 
I . I I "' o..., E _.. l~ a] 
l~. ~~ 
3.4 a 
8B 8 
8.6 
4~ 
B 
26.5 50 
' 
"' 
o.+> I E ... o.8 ·'""4-
;:l ~ ."<·-UJ E UJE 
lbs. lbs. 
3.4 42 
8.8 8 
8.6 
4.9 
.8 
26.5 50 
' ' ' 
I 11 I ~ ~ I 11 ~ ~ I ~ ~ I 11 ~ ~ I I -- --- --1 ~ ~ Q) ~ 
lbs. lbs. lbs. 
3.4 42 3.4 
8.8 8 8.8 
8.6 8.6 
4 .9 4.9 
.8 .8 
26.5 50 26.5 
lbs. lbs. lbs. lbs. 
42 3.4 42 
8 8.8 8 
8.2 
4.7 
60 .8 
84 
84 
84 
44 40 
84 
84 
82 
36 
280 352 25.9 50 
' ~ O.+' 
0. s:: 
;:i"' UJ E 
lbs. 
3.4 
8.8 
8.6 
4.9 
.8 
26.5 
E;,: ;,:c.:: 
UJ E 
lbs. 
378 
72 
44 
84 
84 
82 
36 
780 
Total 
I ., I o;,: 
~] -
lbs. 
60 
84 
84 
84 
40 
352 
' ~ O.+' 
0. s:: 
;:i"' 
C/J E 
lbs. 
30.6 
79.2 
77.0 
43.9 
7.2 
237 .9 
• Non-fat dry milk solids necessary because dried distillers' grain s, insolubles, were not consumed b y calves until they started eating 
dry grains. 
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TABLE 10. -Average daily grain consumption per calf by weeks. 
W eek Age Group 1 I Group 2 I Group 3 I Group 4 I Group 5 Group 6 
of of Supp le- Grain Supple- \ Grain Supple- Grain Supple- Grain Supple - Grain Supple- \ Grain Exp. Calves ment• R ation ment' Ration ment• Ration ment• Ration ment• Ration ment• Ration 
No. Wks. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. 
1 4 .51 .18 .49 .41 .88 .38 .49 .29 .49 .28 .49 .25 
2 5 1.21 .34 1.19 .53 2.01 .35 1.19 .41 1.26 .40 1.26 .49 
3 6 1.11 .42 1.17 .84 1.79 .38 1.21 .80 1.23 .67 1.22 .77 
4 7 .59 .77 .70 1.45 1.17 .56 .70 1.41 .70 1.18 .70 1.41 ~ 
5 8 .10 1.06 .11 1.70 .19 .96 .11 1.95 .11 1.88 .11 1.89 t'l Ul 6 g 1.61 2 .87 1.64 2.82 2.82 2.82 t'l 
7 10 2.00 3.21 2.04 3.31 3 .42 3 .29 :,, 
8 11 2.48 3.07 2.26 3.61 3.92 4 .06 "' n 9 12 3.11 3.29 2.95 4 .18 4.39 4.10 P:i 
10 13 3.32 3.42 3.48 4.32 4.60 4.44 
11 14 3 .73 3 .78 3.89 4.44 4.80 4 .63 tli 
12 15 4.28 4.00 4.27 4.59 4.90 4.87 C: 
13 16 4 .33 4 .15 4.51 4.52 4.85 4.95 t< t< 14 17 3.72 3.55 3.93 3.91 4.00 4.00 t'l 
15 18 3.63 3 .37 3.92 3 .98 3 .95 3.94 >-3 
.... 
16 19 3.83 3.72 3.99 4.00 4.00 4.00 z 
17 20 3.84 3.68 3.99 4.00 4.00 4.00 
...... 18 21 3.99 3.90 4.00 4.00 4.00 4 .00 
"'" 19 22 4.00 3.72 4.00 3.92 3 .95 3 .96 N) 
20 23 4.00 4.00 4 .00 4.00 4.00 4.00 
21 24 4 .00 3.92 4.00 4.00 4.00 4 .00 
22 25 4.00 4.00 4.00 4.00 4.00 4.00 
23 26 4.00 3.94 3.98 3.92 4.00 4.00 
Total pe r calf 24.72 466.54 25.60 493.69 42.23 472.39 25.89 534.76 26.50 545.94 26.43 545.07 
Av. per calf per day .71 2.90 .73 3.07 1.21 2.93 .74 3.32 .76 3.39 .76 3.39 
Av. per cal[ per 
day- a ll grain 3.05 3.23 3.20 3.48 3.56 3 .55 
* See Table 3. 
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for the respective groups were: 78.4; 79.1; 80.8; 80.4; 81.3 and 82.6 
centimeters. Here was a slight but probably not significant 
variation. 
Height at Withers. In Table 12 the initial average height at 
withers for the groups in sequence were: 76.4, 77.1, 77.3, 77.3, 77.4 
and 77.2 centimeters and at 6 months of age the average total gain 
in height at withers for the groups in sequence was: 21.6, 22.4, 
21.4, 23.0, 23.2 and 23.4 centimeters. This response represented a 
very slight difference in favor of Groups 6, 5 and 4 which prob-
ably was not enough to be significant. Referring again to Table 14 
we find that the respective heights at withers at 2 months of 
age were: 79.9, 81.4, 81.8, 82.7, 82.9 and 82.7. It would appear, 
therefore, that any unfavorable conditions which may have ex-
isted in the nutrition of certain groups were not reflected in the 
height at withers. In other words, it seemed as if skeletal growth 
proceeded at a low rate even when gain in weight was checked. 
RELIABILITY OF RESULTS 
Feed and Nutrients Consumed in 23 Weeks (3 Weeks to 6 
Months) Total Per Calf and Per Hundred Pounds of Gain. The 
nutrients received by the average calf of each group were calcu-
lated-by average analysis (23)-together with the quantities of 
feed consumed. These data are presented in Table 15. The quan-
tities of grain required for 100 lbs. of gain for the groups 1 to 6 
TABLE 11.-Average daily alfalfa hay consumption per calf by weeks. 
Week I Age I I Group 6 of of Group 1 Group 2 Group 3 Group 4 Group 5 
E xp. , Calves 
No. W ks. lb s. lbs. lbs. lbs. lbs. lb s. 
1 4 .21 .14 .32 .07 .36 .24 
2 5 .35 .43 .51 .40 .66 .62 
3 6 .68 .54 .48 .59 .74 .56 
4 7 1.17 .76 .98 1.00 1.60 1.43 
5 8 1.14 1.56 1.59 1.66 2.39 1.92 
6 9 .87 1.38 1.76 1.56 2.20 1.60 
7 10 1.59 .94 2.10 1.91 1.93 1.97 
8 11 1.75 1.90 1.98 1.54 2.54 1.79 
9 12 1.41 1.57 2.43 1.61 2.66 2.57 
10 13 2.11 2.67 3.02 2.07 2.77 2.57 
11 14 2.50 3.19 3.70 2.26 3.49 2 .76 
12 15 2 .77 2.92 2.98 2 .83 2.87 3.67 
13 16 2.95 3.06 3.56 2.64 3.94 3.05 
14 17 4.68 4.57 3.89 4.37 3.47 4.08 
15 18 5.14 5.10 4.41 5.04 6.41 6.16 
16 19 5.89 5.14 5.78 5.44 5.33 5.44 
17 20 6.61 6.73 6.62 6.01 6.23 8.11 
18 21 7.66 7.37 7.52 7.01 7.39 8.87 
19 22 6.61 6.48 7.00 6.71 7.23 7.51 
20 23 6.71 6.78 6.92 7.06 7.49 7.62 
21 24 6.57 6.17 7.70 7.81 6.97 7.94 
22 25 8.36 8.62 8.70 7.81 8.63 9 .22 
23 26 8.64 8.54 8.67 8.10 7.73 9.22 
Total per calf 604.64 605.89 648.22 598.70 665.10 692.44 
Av. per calf per day 3.76 3.76 4.03 3.72 4.13 4.30 
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TABLE 12.-Initial and final weights, measurements, and total 
gains of calves. 
W e ight Heart Girth Diagonal Length Height at Withers 
0. 3 'iii :§.5 ~ 'iii :§.S 'iii 'iii ].5 ~ 'iii 1-~ ". oO ..... :.;:; ,} ~ .~ t5Z -ci ~ * ~ * 0"' -;.,. ~. 0"' ~,, 0"' ~ i~ ~. 0"' Jz .5 ~ f:-<0 'i:: ~ t=:-<O § ~ t=:-<O .5 ~ t=:-<O H 
Lbs. Lbs. Lbs. cm. cm. cm. cm. cm. cm. cm. cm. cm. 
2 130 300 170 86.0 118.0 32.0 75.5 106.0 30.5 77.5 98.0 20.5 
3 123 320 197 86.0 118.0 32.0 76.0 104.0 28.0 78.0 99.5 21.5 
4 121 328 207 84.0 122.0 38.0 78.0 105.0 27.0 79.0 99.5 20.5 
5 121 352 231 87.0 122.0 35.0 75.0 107.0 32.0 74.5 100.5 26.0 
1 6 117 367 250 85.0 125.0 40.0 76.0 108.5 32.5 77.0 101.5 24.5 
7 116 294 178 83.0 115.0 32.0 73.5 98.0 24.5 74.0 92.0 18.0 
8 111 345 234 86.0 126.0 40.0 77.0 107.0 30.0 75.5 98.5 23.0 
9 110 287 177 82.0 118.0 36.0 76.0 99.0 23.0 76.0 95.0 19.0 
Av. 118.6 324.1 205.5 84.9 120.5 35.6 75.9 104.3 28.4 76.4 98.1 21.6 
10 140 416 276 87.0 130.0 43.0 78.0 115.0 37.0 80.5 106.0 25.5 
11 132 338 206 85.0 126.0 41.0 82.0 104.5 22.5 77.0 101.5 24.5, 
12 127 322 195 87.0 120.0 33.0 76.0 106.0 30.0 77.5 100.5 23.0 
13 124 350 226 86.0 123.0 37.0 78.0 105.5 27.5 78.5 100.5 22.0 
2 14 121 250 129 86.0 114.0 28.0 78.0 95.0 17.0 79.0 95.5 16.5 
15 120 308 183 85.0 119.0 34.0 73,5, 100.0 26.5 76.5 98.5 22 .0 
16 115 304 189 85.0 116.0 31.0 77.0 104.0 27.0 75.0 97.5 22.5 
17 111 281 170 86.0 116.0 30.0 73.0 100.5 27.5 74.0 97.5 23.5 
18 107 320 213 82.0 118.0 36.0 77.0 105.0 28.0 75.5 97.5 22.0 
Av. 121.9 321.0 199.1 85.4 120.2 34.8 76.9 103.9 27.0 77.1 99.4 22.4 
19 143 419 276 90.0 135.0 45.0 84.0 114.5 30.5 82.0 107.5 25.5 
20 132 332 200 88.0 120.0 32.0 80.5 103.0 22.5 80.0 98.5 18.5 
21 125 287 162 86.0 114.0 28.0 75.5 98.5 23.0 77.0 92.5 15.5 
22 124 275 15,1 88.0 113.0 25.0 78.0 98.0 20.0 77.0 94.0 17.0 
3 23 121 353 232 86.0 122.0 36.0 77.0 107.5 30.5 77.5 99.0 21.5 
24 119 325 206 86.0 119.0 33.0 77.0 103.5 26.5 77.0 99.5 22.5 
25 112 351 239 83.0 121.0 38.0 80.5 112.0 31.5 74.5 99.5 25.0 
26 110 310 200 86.0 119.0 33.0 72.0 103.5 31.5 76.0 99.5 23.5 
27 111 328 217 82.0 123.0 41.0 73.0 106.0 33.0 74.5 98.0 23.5 
Av. 121.9 331.1 209.2 86.1 120.7 34.6 77.5 105.2 27.7 77.3 98.7 21.4 
28 137 385 248 89.0 130.0 41.0 74.5 109.5 35.0 73.5 103.0 29.5 
29 133 341 208 88.0 119.0 31.0 74.5 108.5 34.0 80.0 100.5 20.5 
30 127 322 195 90.0 122.0 32.0 78.0 104.0 26.0 80.5 103.0 22.5 
31 125 341 216 86.0 121.0 35.0 77 .5 109.0 31.5 79.0 101.5 22.5 
32 122 362 240 85.0 126.0 41.0 78.5 109.0 30.5 80.5 104.0 23.5 
4 33 120 277 157 85.0 115.0 30.0 76.5 100.0 23.5 73.5 99.5 26.0 
34 113 279 166 84.0 113.0 29.0 76.5 101.0 24.5 75.0 94.0 19.0 
35 112 332 220 82.0 119.0 37.0 76.0 108.5 32.5 75.0 97.0 22.0 
36 111 273 162 84.0 115.0 31.0 75.5 98.5 23.0 79.5 98.5 19.0 
37 122 355 233 83.0 122.0 39.0 78.5 108.0 29.5 77.0 102.5 25.5 
Av. 122.2 326.7 204.5 85 .6 120.2 34.6 76.6 105.6 29.0 77.3 100.3 23.0 
38 136 315 179 90.0 119.0 29.0 80.5 104.0 23.5 79.0 98.0 19.0 
39 134 359 225 89.0 123.0 34.0 79.0 108.0 29.0 77.0 100.0 23.0 
40 127 296 169 84.0 113.0 29.0 75.0 103.5 28.5 79.0 97.0 18.0 
41 124 345 221 87.0 125.0 38.0 79.0 107.0 28.0 79.0 104.0 25.0 
42 123 395 272 86.0 125.0 39.0 77.5 116.0 38.5 77.0 101.5 24.5 
5 43 120 341 221 84.0 122.0 38.0 78.5 109.0 30.5 78.5 102.0 23.5 
44 112 329 217 82.0 120 .0 38.0 73.0 104.0 31.0 74.0 97.5 23.5 
45 112 318 206 83.0 120.0 37.0 74.0 105.0 31.0 76.0 101.0 25.0 
46 111 313 202 85.0 121.0 36.0 76.0 103.0 27.0 77.0 102.0 25.0 
47 122 350 228 86.0 126.0 40.0 78.0 109.0 31.0 78.0 103.5 25.5 
Av. 122.1 336.1 214.0 85.6 121.4 35.8 77.0 106.8 29.8 77.4 100.6 23.2 
48 136 373 237 92.0 129.0 37.0 78.0 110.0 32.0 82.0 106.0 24.0 
49 134 385 251 86.0 124.0 38.0 80,5 113.0 32.5 78.5 103.0 24.5 
50 127 313 186 86.0 115.0 29.0 77.0 106.0 29.0 80.0 99.5 19.5 
51 126 331 205 88.0 122.0 34.0 80 .0 104.5 24.5 76.0 100.5 24.5 
6 52 123 320 197 83.0 120.0 37.0 76.5 106.0 29.5 76.0 97.5 21.5 
53 119 385 266 86.0 126.0 40.0 77.0 110.5 33.5 76.0 101.5 25.5 
54 113 363 250 84.0 124.0 40.0 72.0 111.0 39.0 74.5 102.0 27 .5 
55 112 258 146 84.0 113.0 29.0 74.0 100.0 26.0 76.0 97.0 21.0 
56 108 287 179 81.0 116.0 35.0 77 .0 103.5 26.5 75.5 98.5 23.0 
A v . 122.0 335.0 213.0 85.6 121.0 35.4 76.9 107.2 30.3 77 .2 100.6 23.4 
• Initial refers to the start of the experiment (age of cal ves three weeks) and final 
refers to the close of the experiment (age of calves 26 weeks). 
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respectively were: 239.06, 260.81, 245.98, 274.16, 267.50 and 268.31. 
These quantities were appreciably larger than were reported in 
a previous experiment (32). The alfalfa hay consumption per 100 
lbs. of gain, for the several groups in sequence was as follows: 
295.26, 304.30, 309.82, 292.76, 310.79 and 325.09. It is interesting to 
note that in a previous experiment (32), the group comparable to 
Group 5 showed 240.2 lbs. gain per calf with 233.2 lbs. of grain, 
and 223.2 lbs. of hay consumed per 100 lbs. of gain. Group 5 
showed 214.0 lbs. gain per calf with 276.5 lbs. of grain, and 310.79 
lbs. of hay per 100 lbs. of gain. Why two groups handled and fed 
in the same manner, but in different years, should show so much 
difference is not clear. It does emphasize the necessity of repeti-
tion of experiments. 
At the ages of 8, 18 and 26 weeks the results were tested statis-
tically by the analysis of variance (31). The first test at the age 
of 8 weeks was to determine whether variations in gain in weight 
were significant during that part of the experiment when each 
group received a different calf starter and the calves in some of 
the groups had to be changed to a more desirable ration. The 
weight variation at this age was significant for Group 1, fed 
the largest quantity of soybean meal as compared with the control 
group. In a previous experiment (32) an experimental group was 
fed in the same manner as Group 1 and the control group was 
similar to Group 5 in this experiment. As in the previous experi-
TABLE 13.-Average daily gains in weight per calf during experiment. 
Week I Age \ Average D a ily Gain Per Calf of 
ca1tes J Group 6 Exp. Group 1 Group 2 Group 3 Group 4 Group 5 
No. Wks. lbs. lbs. lbs. lbs . lbs. lbs. 
1 4 .21 - .17 .11 -.30 .51 .30 
2 5 -.25 .22 .94 .33 .39 .68 
3 6 .48 - .06 .56 .81 1.29 
4 7 .80 .62 .73 .76 1.39 .76 
5 8 .11 1.25 -.08 .54 .31 1.00 
6 9 1.34 1.00 1.60 1.69 1.76 1.51 
7 10 1.04 .62 .67 .50 .86 .70 
8 11 1.54 1.30 1.11 1.54 1.60 1.49 
9 12 1.18 .89 1.40 1.59 1.26 1.37 
10 13 1.50 1.75 1.41 1.26 1.36 1.38 
11 14 1.66 1.75 1.90 1.71 1.99 1.86 
12 15 1.62 1.05 1.30 1.36 1.39 1.21 
13 16 1.86 1.63 1.29 1.44 1.90 1.48 
14 17 1.62 1.29 1.60 1.83 1.09 1.65 
15 18 1.68 1.63 1.33 1.74 1.61 1.78 
16 19 1.73 1.56 1.71 1.49 1.33 1.19 
17 20 2.02 2.27 2.33 1.53 1.80 1.48 
18 21 2.02 1.21 2.24 1.33 1.20 2 .00 
19 22 1.80 2.06 1.90 2.14 3.21 1.76 
20 23 1.16 1.03 .76 1.09 .57 1.18 
21 24 1.68 1.17 1.94 1.89 .97 .92 
22 25 2.54 2.68 2.87 1.96 2.71 2 .44 
23 26 .50 1.16 .87 1.26 .56 1.02 
Averages* 1.28 1.24 1.30 1.27 1.33 1.32 
* Averages were determined from Table 12. 
24 RESEARCH BULLETIN 142 
ment the difference in weight between the control group and the 
soybean group was highly significant at 8 weeks of age. The 
analysis also shows that the addition of non-fat dry milk solids 
to the ration had a beneficial effect even though the quantities 
added were small. 
The test of significance applied to the gains at the age of 18 
weeks when all the calves had been changed to the same basal 
ration, and at the age of 6 months, when the experiment was com-
pleted showed no significant difference. This confirmed the ob-
servation that earlier differences between the groups had been 
largely eliminated due to the ability of the calves to recover from 
retarded growth and development as they became older or were 
placed on a more favorable ration. 
SUMMARY 
Fifty-five grade, Holstein heifer calves which had received 
whole milk for approximately 3 weeks before the start of the 
experiment were fed to 6 months of age in 6 groups. It was 
planned that each calf was to be allowed 50 lbs. of skim milk after 
which they were expected to obtain their nutrients from the pro-
tein supplement (provided in liquid form until the calf reached 
52 days of age), a dry calf starter (later a grain mixture) and 
alfalfa hay (U. S. No. 1). The basal grain mixture used through-
out the experiment but modified during the dry calf starter period 
was composed as follows: 150 lbs. of ground yellow corn, 150 lbs. 
of ground oats, 100 lbs. of wheat bran, 100 lbs. of soybean meal 
(expeller process), 12 lbs. of steamed bone meal and 6 lbs. of 
iodized salt. During the first 15 weeks to this basal mixture were 
added various protein supplements to make up 6 calf starters; 
namely, a control group and 5 experimental groups. Each calf 
starter was adjusted to the same calculated protein content. To . 
the basal mixture 50 lbs. of soybean meal were added for Group 1; 
37.5 lbs. of soybean meal plus 13.8 lbs. of non-fat dry milk solids 
were added for Group 2; 200 lbs. of distillers' grains solubles were 
added for Group 3; 25 lbs. of soybean meal plus 26.6 lbs. of non-fat 
dry milk solids for Group 4; 55 lbs. of non-fat dry milk solids for 
Group 5, and 200 lbs. of distillers' grains insolubles were added 
for Group 6. Group 2 had approximately ¼ and Group 4 approxi-
mately ½ of the non-fat dry milk solids of Group 5 (control). 
Vitamins were supplied by an A and D concentrate first fed as a 
liquid and later as a part of the calf starter. The calves in Group 1 
did not make consistent gains in weight until after the fifth week 
of the experiment and it was necessary to feed three of the group 
of 8 calves on additional whole and skim milk. In Group 2 the 
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T ABLE 14.-Summary of average weights and measurements by months. 
Age 
of 
Calves 
Mos. 
Start• 
1 
2 
3 
4 
5 
6 
Gaint 
Age 
of 
Calves 
Mos. 
Start* 
1 
2 
3 
4 
5 
6 
Gaint 
Weight, Average Per Calf I Height at Withers, Average Per Calf 
- g., ---,----I t,---,------1 i M--,---1 g------,----,,. I --.--g ~ 1-i '° l i., '1 t~ I i MI g... I i ~ I i <O 
c'5 c'5 c'5 c'5 c'5 c'5 c'5 c'5 c'5 c'5 c'5 c'5 
Lbs. 
118.6 
120.1 
134.1 
170.9 
230.0 
283.0 
324.1 
205,.5 
Lbs. 
121.9 
120.7 
145.7 
177.6 
229.0 
278.7 
321.0 
199.1 
!bs. 
121.9 
122.7 
144.6 
176.7 
228.7 
286.0 
331.1 
209.2 
!bs. 
122.2 
120.1 
147.2 
181.4 
238.0 
283.4 
326.7 
204.5 
!bs. 
122.1 
125.7 
158.3 
193.8 
249.6 
302.4 
336.1 
214.0 
!bs. cm. cm. cm. cm. cm. cm. 
122.0 76.4 77.1 77.3 77.3 77.4 77.2 
124.1 77.5 78.3 78.9 79.0 78.5 78.4 
160.8 79.9 81.4 81.8 82.7 82.9 82.7 
195.3 83.7 85.1 84.4 86.4 86.8 86.8 
251.1 89.2 90.1 90.1 92.0 92.5 92.8 
296.1 93.4 94.8 94.2 95.9 95.9 96.4 
335.0 98.1 99.4 98.7 100.3 100.6 100.6 
213.0 21.6 22.4 21.4 23.0 23.2 23.4 
Heart Girth, Average Per Calf Diagonal Length, Average Per Calf 
~l~l~l~i1 ~I~ ~/' L[L1i 1~1~ 
.::; .::; .::; .::; .::; .::; c'5 c'5 c'5 c'5 c'5 c'5 
cm. 
84.9 
84 .7 
89.4 
96.4 
107.7 
114.4 
120.5 
35.6 
cm. 
85.4 
86.0 
93.0 
98.0 
108.7 
114.3 
120.2 
34.8 
cm. 
86. l 
86.6 
91.9 
97.7 
108.8 
114.7 
120.7 
34.6 
cm. 
85.6 
86.3 
92.6 
98 .1 
110.1 
114.1 
120.2 
34.6 
cm. 
85.6 
87.1 
94.4 
100.1 
113.2 
116.3 
121.4 
35.8 
cm. 
85.6 
86.9 
96.4 
100.4 
111.1 
116.0 
121.0 
35.4 
cm. 
75.9 
76.7 
78.4 
83.0 
90.7 
97.4 
104.3 
28.4 
cm. 
76.9 
77.3 
79.1 
84.2 
91.2 
97.7 
103.9 
27.0 
cm. 
77.5 
77.7 
80.8 
84.3 
92.3 
98.6 
105.2 
27.7 
cm. 
76.6 
77.3 
80.4 
85.9 
93.0 
99.8 
105.6 
29.0 
cm. 
77.0 
78.1 
81.3 
87.3 
95.4 
100.4 
106.8 
29.8 
cm. 
76.9 
78.8 
82.6 
87.8 
94.8 
101.6 
107.2 
30.3 
* Calves were 3 weeks old at start of experiment. 
t Calves were on experiment for 23 weeks. 
calves made consistent but small gains during the early part of the 
experiment and it was necessary to feed additional whole and 
skim milk to two of the nine calves. The calves of Group 3 did 
not make consistent gains during the first 5 weeks of the experi-
ment and it was necessary to feed two calves additional whole 
and skim milk. The calves of Group 4 made consistent but small 
gains throughout the experiment and it was only necessary to 
feed additional skim milk to one calf of the ten. Group 5, 10 calves, 
made gains every week though these were not always uniform 
and the group made the largest total gain of any group in the 
experiment. No additional milk beyond the specified 50 lbs. was 
fed to any calf. Group 6 which received the same liquid feed as 
Group 5 for the first 30 days had one calf of nine which received 
additional whole and skim milk. This group made consistent but 
somewhat irregular gains throughout the experiment. 
The diagonal measurement and height at withers showed no 
significant difference at the various stages of the experiment by 
the several groups. The heart girth at 2 months of age did seem 
to show slight differences between the several groups but these 
were not believed to be significant. Of the measurements used 
the greatest inequalities during the early stages of the experi-
ment occurred in weight. There appeared to be no significant 
TABLE 15.-Feed and nutrients required per hundred pounds of gain-3 weeks to 6 months-23 weeks. 
F eed Consumed Nutrients Consumed 
Group Gain Whole 
I 
Skim I Protein I Experi- 1 Basal 
I 
Alfalfa 
I 
Vita- D' t'bl I T otal Milk Milk Supple- mental Grain Hay min iges 1. e Digestible 
ment Grain Protein Nutrients 
Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 
Per group 1 1644. 1116. 1888. 197.8 1959.3 1773.0 4854. 26.56 
Per calf 205.5 139.50 236.00 24.72 244.91 221.62 604.64 3.32 
Per 100 lbs. gain 67 .88 114.84 12.03 119.18 107.85 295.26 1.62 
Digestible protein 2.24 4.02 4.19 18.89 15.12 31.30 75.76 
Total digestible nutrients 11.00 9.88 9 .68 87.93 78.88 148.52 345,.89 
Per group 2 1792. 1230. 824. 230.4 2497.5 1945-.7 5453. 29.85 
Per calf 199.1 136.67 91.56 25.60 277.50 216.19 605.89 3.32 
Per 100 lbs. gain 68.64 45-.98 12.86 139.37 108.58 304.30 1.67 
Digestible protein 2.26 1.61 4.42 22.10 15.22 32.26 77.87 
Total digestible nutrients 11.12 3.95 10.47 102.98 79.41 153.06 360~ 
Per group 3 1883. 742. 1156.5 380.1 2238.1 2013.4 5834. 27.65 
Per calf 209.2 82.44 128.50 42.23 248.68 223.71 648.22 3.07 
Per 100 lbs. gain 39.41 61.42 20.19 118.86 106.93 309.82 1.47 
Digestible protein 1.30 2.15 3.58 17.90 14.99 32.84 72.76 
Total digestible nutrients 6.38 5.28 15.53 88.18 78.21 155.84 349.42 
Per group 4 2045. 836. 258.9 3118.3 2229.3 5987. 33.73 
P er calf 204.5 83.60 25.89 311.83 222.93 598.7 3.37 
Per 100 lbs. gain 40.88 12.66 152.50 109.00 292.76 1.65 
'iii:22 Digestible protein 1.43 4 .29 24.19 15.28 31.03 
Total digestible nutrients 3 .52 10.42 112.83 79.72 147.26 353.75 
Per group 5 2140. 500. 265-.0 3223.2 2236.2 6651. 34.00 
Per calf 214.0 50 .00 26.50 322.32 223.62 665.10 3.40 
P er 100 lbs . gain 23.36 12.38 150.62 104.50 310.79 1.59 
Digestible protein .82 4.10 23.89 14.65 32.94 76.40 
Total digestible nutrients 2 .01 10.41 111.74 76.43 156.33 356.92 
Per group 6 1917. 352. 780. 237.9 2892.0 2013.6 6232. 31.53 
P er calf 213 .0 39.11 86.67 26.43 321.33 223.73 692.44 3 .50 
Per 100 lbs. gain 18.36 40.69 12.41 150.86 105.04 325.09 1.64 
Digestible protein .61 1.42 4.11 23.08 14.73 34.46 78.41 
Total digestible nutrients 2.97 3.50 10.44 113.54 76.83 163.52 370.80 
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TABLE 16.- Feed required to raise Holstein calves- 3 weeks to 6 months 
(23 weeks) average per calf by groups. 
p. 
Initial I Final I Gain I Whole . I . IProteinlExperi-1 ;::l Skim Vita- Supple- mentai Basal Total Alfalfa 0 
.... 
Weight Weight Lbs Milk Milk mm m ent Grain Gram Gram Hay 
l? Lbs. Lbs. · Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 
1 118.6 324.1 205.5 ]39.5 236.0 3.3 24.7 244.9 221.6 491.2 604 .6 
2 121.9 321.0 199.1 136.7 91.6 3.3 25.6 277.5 216.2 519.3 605.9 
3 121.9 331.1 209.2 82 .4 128.5 3.1 42.2 248.7 223 .7 5.14 ,6 648.2 
4 122.2 326.7 204.5 83.6 3.4 25 .9 311.8 222.9 560.6 598.7 
5 122.1 336.1 214.0 50.0 3.4 26 .5 322.3 223.6 572.4 665.l 
6 122.0 335.0 213.0 39.1 86.7 3 .5 26.4 321.3 223.7 <>71.4 692.4 
inequalities between the calves as far as skeletal measurements 
could reveal them. The differences in weight represented largely 
a condition of fatness and these were largely eliminated by the 
time the animals reached 6 months of age. 
In feeding Holstein heifer calves from 3 weeks to 19 weeks of 
age, the following ration-50 lbs. of skim milk, alfalfa hay ad 
libitum, and a dry calf starter (16 percent digestible protein) with 
soybean meal as the principal h igh protein supplement- it was 
found that the results as measured in gains and growth were not 
satisfactory. This response confirmed previous experiments (32). 
Non-fat dry milk solids had an ameliorating effect even in small 
quantities when substituted for the soybean meal. A dry calf 
starter containing 10 per cent of non-fat dry milk solids produced 
normal gains with young calves. After the calves reached 18 
weeks a grain mixture containing soybean meal as the principal 
high protein supplement yielded satisfactory growth and gains. 
Distillers' dried grains, both solubles and insolubles, used as one 
of the principal high protein supplements in a dry calf starter 
(after 2 months of age) gave good results under the conditions 
of the experiment. 
The results emphasize that up to the time when calves eat grain 
and hay freely, non-fat dry m ilk solids are particularly useful in 
getting calves started growing. 
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